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SEASONAL VARIATIONS OF SOIL MOISTURE IN SOUTH DAKOTA
Ray F. Pengra 1/
The purpose of this study was to estimate the average daily
soil moisture in the various areas of South Dakota. Estimates of such
soil moisture are presented in graphic form for locations represented
by 25 U. S. Weather Bureau Stations in South Dakota. The name and
location of each of these stations are shown in Figure 1.
Estimates of the average soil moisture available may be of
use in planning irrigation projects for large areas or for individual
farms. The method used here in calculating the soil moisture for the
past may prove to be a practical means by which farmers can deter
mine when and how often to irrigate during the crop year. Further
study of this possibility is planned. Some of the data presented here
IS also being used by soil scientists in their study of soil productivity.
Precipitation and Soil Moisture
Precipitation date have been available from the U. S . Weather
Bureau for many years. These data have been of considerable value
as an indicator of soil moisture and growing conditions. However,
IJ Assistant Economist, South Dakota Agricultural Experiment
Station. Acknowledgement is due to Russell Berry, Associate Economist
for assistance in preparing the manuscript and presenting the data.
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a difficulty with these data is that all of the moisture which falls on the
soil does not remain there. Some evaporates, some is lost by transpir
ation through plants, and some runs off. The main factor affecting
evaporation and transpiration is temperature, although wind velocity,
hours of sunshine, and humidity are also important.
Soil moisture can be measured directly in the field by soil
sampling procedures. However, there is no direct way to measure the
soil moisture of past years. Fortunately the method used in this study
makes possible an estimate of soil moisture for any historical period for
which temperature and precipitation data are available. Present evidence
suggests that it gives reliable results but further study of its reliability
is needed.
Definition of Drought and Saturation
It is well known that the rate of growth of crops is reduced when
soil moisture falls below a certain level. When the rate of growth of
crops is seriously limited by moisture, a drought exists. However,
different crops respond differently to soil moisture stress. To simplify
the procedure used in this study, a drought was defined as any period
during which the soil moisture in the crop root zone was less than 50
percent of its available capacity or saturation. The moisture which
the soil can hold in the crop root zone was assumed to be 4 inches at
each locition. Hence a drought exists whenever soil moisture falls below
Z inches.
Procedure Used in This Study
r.i this study the average daily soil moisture was estimated at
25 locations in South Dakota using an adaptation of the method developed
by Thornthwaite, This method uses temperature and precipitation to
determine the soil moisture available for plant growth. International
Business Machine (IBM) equipment was used in making the calculations
for this study.
To illustrate the calculation of daily soil moisture, the weather
data for one month at Brookings is presented in Table 1. Column 1
lists the days of the month. Column 2 is the precipitation received
expressed in hundredths of inches. Column 3 is the potential evapo-
transpiration (PE) developed graphically by the Thornthwaite method.
This figure is based on daily mean temperatures reported at the station
adjusted for length of day during the season. Column 4 is the difference
between PE and new moisture with a minus sign for all days during
2/ C. W. Thornthwaite and J. R. Mather, "The Water Balance"
Publications in Climatology, Vol. 8, No. 2, 1955. The adaptation is that
of W. C. Palmer and A. V. Havens "A Graphical Technique for Determin'
ing Evapotranspiration by the Thornthwaite Method", Monthly Weather
Review, Vol. 86, No. 4, April, 1958.
Table 1. Illustration of the Calculation of Daily Soil Moisture Using
Weather Data at Brookings, May 1942
(ll (2) (3) (4) (5) (6) (7) (8)
Soil
Day P PE P-PE moisture Storage Moisture Moisture
inch
storage 1/ change deficiency surplus
inch inch inch inch inch inch
1 .85
.11 .74 4.00 .22 .00 .52
2
.39 .04 .35 4.00 .00 .00 .35
3 .02 .02 .00 4.00 .00 .00 .00
4 .00 .03 -.03 3.97 -.03 .00 .00
5 .18 .03 .15 4.00 .03 .00 .12
6 .80 .05 .75 4,00 .00 .00 .75
7 .00
.07 -.07 3.93
-.07 .00 .00
8 .00
.09
-.09 3.84
-.09 .00 .00
9 .00 .10
-.10 3.74 -.10 .00 .00
10 .00
.09
-.09 3.65
-.09 .00 .00
11
.89 .09 .80 4.00 .35 .00 .45
12 .00
.07
-.07 3.93 -.07 .00 .00
13 1.82 .07 1.75 4.00 .07 .00 1.68
14 .62 .04 .58 4.00 .00 .00 .58
15 .00 .05
-.05 3.95 -.05 .00 .00
16 .00 .08
-.08 3.87 -.08 .00 .00
17 .42 .07 .35 4,00 .13 .00 .22
18 .00 .05
-.05 3.95
-.05 .00 .00
19 .00 .04
-.04 3.91 -.04 .00 .00
20 .00 .06
-.06 3.85 -.06 .00 .00
21 .00
.09 -.09 3.76
-.09 .00 .00
22 .68
.09 .59 4.00 .24 .00 .35
23 .00
.09
-.09 3.91
-.09 .00 .00
24 .00 .10 -.10 3.81
-.10 .00 .00
25 .00 .15 -.15 3.67
-.14 .01 .00
26 .20 .14 .06 3.73 .06 .00 .00
27 .00
.17 -.17 3.57 -.16 .01 .00
28 .00 .16 -.16 3.43 -.14 ,02 .00
29 .13 .17
-.04 3.40
-.03 .01 .00
30 .77 .15 .62 4.00 .60 .00 .02
31 .01 .12
-.11 3.89
-.11 .00 .00
7.78 2.68
.05 5.04
y The assumption was made that the soil moisture was 3.78 inches
at the^ start of the month (April 30) and that the soil was saturated when it
contained 4,00 inches of moisture.
which Pi: exceeded new moisture. Column 5 is the daily estimate of
soil moisture. When P-PJE is positive» it is added to the soil moisture of
the previous day. The excess over 4,00 inches is surplus moisture and
is recorded in Column 8, For example on May 1 there was a net gain
in moisture of ,74 inches. This amount was added to the 3,78 inches
which existed at the end of the previous month giving a total of 4, 52
inches. Of this amount, 4,00 inches is recorded in Column 5 and ,52
inches in Column 8 as surplus moisture.
But when P-PE, in Column 4 is negative the daily change is
figured as the percent that the previous day's soil moisture is of sat
uration, This percentage is then multiplied by P-PE. This is necessary
because, as the soil becomes drier, the actual water loss becomes less
than when the soil root zone is saturated and hence less than is indicated
by P-PE in Column 4, For instance, if the previous day's soil mois
ture was only half of the saturation figure then the change would be only
half or 50 percent of the potential evapotranspiration that would have
occurred if the soil had been saturated (2.00 x4.00 = 50%, 50% of -.10
= -.05).
Because the soil moisture storage is quite close to the saturation
level of 4,00 inches during most of the month of May there was no differ
ence between the negative figures in Column 4 and Column 6 until May 25
and even here it is quite small. The storage chcinge (Col, 6) for May 28
is calculated as follows: 3,57 f; 4,00 = 89 percent. Hence only 89 percent
of the 16 inches of moisture indicated by P-PE was actually lost.
This was -.14 inches.
Column 7 is the difference between P-PE (Col. 4) and storage
change (Col, 6), It shows the decrease in evapotranspiration due to less
than full saturation or field capacity.
Briefly the method just explained was used to estimate the daily
soil moisture for every day from March 1 through October 31 for all
the years for which continuous precipitation and temperature data were
available at each of the 25 U, S • Weather Bureau Stations in South
Dakota.
The daily soil moisture was then summarized by weeks for each
year at each station. These weekly summaries were again summarized
by each week of the season for all the years for which continuous data
were available. Then these summaries were divided by seven times the
number of years of data. This gave the average daily soil moisture by
weeks for all the years for which continuous data were available at each
station. The "average daily soil moisture for each week of the 35 weeks
from March 1 through October 31 is presented in Appendix Table 1,
The figures in all the other columns of this table are weekly totals rather
than daily averages. They must be divided by seven to make the figures
comparable to those in Table 1, Weekly totals were used because the
daily figures would have been too small in some cases to permit the use
of IBM equipment.
The first 25 charts in Figure 2 were plotted from Appendix
Table 1, The average daily soil moisture for the first week (March
1-7) was plotted on the chart at the midpoint of the week or March 4,
Then the data for the fifth week and every succeeding fifth week was
plotted in a similar manner. Thus, these charts summarize the daily
soil moisture available during the average season at the various stations
and permit comparisons of the moisture needs throughout the state.
Some Assumptions Made
To permit the use of Internation Business Machine Calculating
Punch 602a in making this analysis, certain assumptions were necessary.
One of these assumptions was that the soil moisture received from
March 1 to April 15 represented the soil moisture change due to winter
precipitation. In other words, for each year the November 1st soil
moisture was carried over to March 1, This is a reasonable assumption
because the soil in South Dakota is generally frozen during this period.
In Iowa there was a loss of 0,2 inches of moisture between November 15
and April 15, 1955 on corn ground despite the fact that 5,3 inches of
moisture was received during this period, 3/
R, H, Shaw and J, R, Runkles, "Soil Moisture and Water Utili
zation in Iowa," Agronomy Journal, Vol. 48, p. 313-18, 1956, Table 2,
A second assumption was that at the beginning of the first year for
which continuous data were available 1.5 inches of moisture was present
in the root zone of the soil. Some such an estimate was necessary since
soil moisture data were not available for these stations at that time cuid
the lack of precipitation and temperature data prevented its calculation.
Because of the use of this estimate, the moisture data for the first year
was not used in the final summary. The Thornthwaite formula as used
with the IBM equipment corrects itself during a period of excessive
moisture or drought. Since there is usually one or more such periods
each year, it was assumed that any error in the starting soil moisture
was not carried over to the following years,
A third assumption already discussed was that the root zone of
the soils of the State had the capacity to hold 4,00 inches of moisture.
Any moisture in excess of 4,00 inches would not be available for
potential plant use.
In order to use Thornthwaite's method it was necessary to have
continuous daily record of both temperatures and amount of precipita
tion for each station. When data were missing for a station estimates
were made from data for nearby stations to complete the record. In
some cases where there was considerable missing data for recent years
those years were entirely eliminated from the calculation. The years
of continuous data used at each station are shown in the titles of Appendix
Table 1,
Explanation of Charts
The results of this study are summarized for each of the 25
locations in the state in the 25 charts of Figure 2. These charts all
show what happens to soil moisture as an average of many years. The
year to year variations are not shown. All of the charts show an increase
in soil moisture during the spring months and a decrease during the
summer. At every location the soil moisture falls below the drought
line of 2,00 inches sometime during the season. At most locations it
falls below 2,00 inches in July and remains there until the last of Sep
tember and often later.
In the eastern part of the State the charts all show that soil
moisture rises above the drought line at the end of the season during
the average year. It does not rise above the drought line at the end of
the season for any of the locations in the central or western parts of
the State.
The variation in drought conditions in the eastern, central and
western parts of the State can be seen in the following:
9 Eastern Stations
8 Central Stations
Lowest daily
average soil moisture
Inche s
1,67
1.28
8 West River Stations
Average soil
moisture deficiency
Inches
1,05
The first column of figures represents the point of lowest daily
average soil moisture as the average for each group of stations. On the
charts this point is approximately the low point on the average daily
soil moisture line. The amount of precipitation and hence soil mois
ture decreases from east to west. This can be seen in Figure 1 where
the figures are presented as a percent of saturation. The last column
indicates the average soil moisture deficiency for the drought periods
shown on the charts.
For Brookings the high point of the daily average soil moisture
was reached during the first two weeks of May and was 3.12 inches.
The low point was 1.71 inches which occurred the latter part of July.
Average soil moisture rose above the drought line from September 27
to the end of the season. For Cottonwood the high point of soil moisture
was 2. 55 inches during the second week of June. The low point of .89
inches was reached the first week of September and average soil moisture
remained below the drought point during the remainder of the season.
These two locations represent extremes of conditions within the State
from east to west.
Whereas, the average daily soil moisture line indicates the usual
or normal irrigation season it does not indicate the amount of irrigation
needed nor the exact dates during which it will be needed in any given
year. In any given year there may be wide departures from this average
or normal pattern for a given station. The extreme range of these
variations is shown in the last chart of Figure 2 for the station at Redfield.
The maximum daily soil moisture line and the minimum daily soil
moisture line emphasize the extremes in the yearly amount of irrigation
needed and the months over which it may be needed.
The range in soil moisture as a percentage of soil capacity is
presented in Figure 1. The range in soil moisture for Vermillion and
Centerville does not seem to be consistent with surrounding stations.
A partial explanation may be that at Vermillion continuous data were
available only from 1909 to 1951 and at Centerville from 1911 to 1949.
Since precipitation during the 1950*s was above average this gives more
emphasis to the extreme drought years of the 1930's at these two stations.
The minimum average daily temperatures are shown in Figure 2
for comparison with the average daily soil moisture. As the temperature
increases during the season the amount of moisture lost by evapora
tion and transpiration increases. Hence, since precipitation also de
creases, soil moisture decreases. 3/
Source: R. F. Pengra, Temperature Summary Data for 60
South Dakota Weather Stations from the Start of Continuous Records
Through 1954, S. D. Agr, Exp. Sta,, Agr, Econ. Pamphlet 77, 1957,
Summary and Conclusions
The purpose of this study was to estimate the daily soil mois
ture for the average or normal season in the various areas of South Dakota,
Since daily precipitation and temperature data were necessary to
estimate the daily soil moisture the areas chosen were those repre^'
sented by 25 U. S. Weather Bureau Stations in the State which had
continuous precipitation and temperature data over many years. The
number of years of data varied from station to station.
In order to simplify the task of estimating the daily soil mois
ture it was assumed that the root zone of the soils in the state had the ':a
capacity to hold 4,00 inches of moisture when saturated. Then a drought
was defined as 50 percent of saturation or 2,00 inches of moisture
or less.
The daily soil moisture for the average or normal season was
then calculated and plotted on the 26 charts of Figure 2, These charts
show that in all areas soil moisture increases in the spring due to preci
pitation, relatively cool temperatures and hence relatively little evapor
ation and transpiration. Then the soil moisture decreases due to decreased
precipitation and increased temperatures until it falls below the drought
line in all areas or locations in the state. As is to be expected the ex
tent of the drought increases from the eastern to the western part of
the Statfe
When the soil moisture line falls below the drought line on each
chart the beginning of the average drought is indicated. The area be
tween these lines is an indication of the relative amount of irrigation
that may be needed during an average year at each location. Of course
there is wide variations in the need for irrigation from year to year.
At Redfield this varied from no irrigation during "wet" years to irri
gation throughout the season during a year of severe drought,
Figure 2
Relation of Seasonal Variation of Average Daily Soil Moisture and
Average Daily Minimum Temperatures to Drought Condition at 25
U. S. Weather Bureau Stations in South Dakota.
Notes
1. Soil moisture capacity of the root zone was defined as four inches
at each station.
2. A drought was defined as existing whenever the soil moisture was
less than 50 percent of soil moisture capacity or two inches.
3. The average daily soil moisture curve was plotted from data pre
sented in Appendix Table 1. The data for the first week, the fifth
week and each succeeding fifth week was used. The years of data
used in these averages can be seen in the Appendix Table headings.
4. While the mean daily temperatures were used in estimating the
soil moisture, the minimum temperatures are presented here.
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Appendix Table 1
Seasonal Variations of Average Daily Soil Moisture by weeks at 25
U. S. Weather Bureau Stations in South Dakota
Note s
1. The dates at the top of the tables indicates the period for which
continuous precipitation and temperature data were available.
2. The average daily soil moisture column is the daily average for
the week. The other columns are totals for the week and must be
divided by 7 to be comparable. This was necessary to permit the
work to be done by IBM equipment.
3. The days of the year included in each week are shown on the
next page.
Week
Number
Notes Continued
Week Numbers with Inclusive Calendar Dates
Beginning
Date
Mar. 1
Mar. 8
Mar. 15
Mar. 22
Mar. 29
Apr. 5
Apr. 12
Apr, 19
Apr. 26
May 3
May 10
May 17
May 24
May 31
June 7
June 14
June 21
June 28
July 5
July 12
July 19
July 26
Aug. 2
Aug. 9
Aug. 16
Aug. 23
Aug. 30
Ending
Date
Mar. 7
Mar. 14
Mar. 21
Mar. 28
Apr. 4
Apr. 11
Apr. 18
Apr. 25
May 2
May 9
May 16
May 23
May 30
June 6
June 13
June 20
June 2 7
July 4
July 11
July 18
July 25
Aug. 1
Aug. 8
Aug. 15
Aug. 22
Aug. 29
Sept. 5
Week
Number
Beginning
Date
Sept. 6
Sept. 13
Sept. 20
Sept. 27
Oct. 4
Oct. 11
Oct. 18
Oct. 225
Nov. 1
Nov. 8
Nov. 15
Nov. 22
Nov. 29
Dec, 6
Dec. 13
Dec. 20
Dec. 27
Jan. 3
Jan. 10
Jan. 17
Jan, 24
Jan. 31
Feb. 7
Feb. 14
Feb. 21
Feb. 28
Note: Only the data for week numbers 1-35 were used in this study.
Ending
Date
Sept. 12
Sept. 19
Sept. 26
Oct. 3
Oct. 10
Oct. 17
Oct. 24
Oct. 31
Nov. 7
Nov. 14
Nov. 21
Nov. 28
Dec. 5
Dec. 12
Dec. 19
Dec. 26
Jan. 2
Jan. 9
Jan. 16
Jan. 23
Jan. 30
Feb. 6
Feb. 13
Feb. 20
Feb. 27
Feb. 29
i"' E E K
N 0
ACADEMY
A V
P R E C I P
5 5
6 2
9 4
116
9 0
10 4
7 6
6 3
8 5
4 9
6 9
8 3
8 9
9 8
10 6
119
12 8
13 2
14 0
14 1
14 6
14 6
12 7
12 5
12 2
117
9 8
8 9
8 1
7 0
19 0 1
A V DAILY
S !\4 0 I S T
2 0 0
2 13
2 3 2
2 4 4
2 5 5
2 6 3
2 7 4
2 8 1
2 9 7
2 9 9
2 9 1
2 7 3
2 7 7
2 8 6
2 8 7
2 7 4
2 5 3
2 2 9
2 16
19 0
16 5
14 0
15 0
16 0
15 9
15 5
14 4
15 0
1 5 7
16 0
15 7
17 0
17 5
18 2
18 9
19 5 6
A V
DEE
A V
SURPLUS
B R I T T 0 N
A V
P R E C I P
5 4
5 2
6 2
8 2
10 1
7 R
10 5
7 4
6 9
5 3
10 7
113
118
12 8
12 8
13 2
13 2
117
114
110
10 5
8 9
7 7
7 1
5 9
19 14
A V DAILY
S i^yi 0 I S T
2 10
2 2 1
2 3 1
2 4 3
2 5 3
2 6 4
2 6 7
2 7 2
2 9 2
2 9 6
2 9 0
2 7 8
2 6 3
2 6 7
2 7 5
2 6 6
2 6 7
2 5 6
2 3 6
2 0 5
18 4
16 2
16 2
15 5
16 1
15 9
15 4
16 0
17 4
17 8
18 2
18 9
19 0
18 9
19 4
A V
D E F
A V
SURPLUS
BROOK I N G S 19 0 1 19 5 6
L E K A V A V A V DAILY A V A V
N 0 PRE C 1 P P E S MOIST D E F SURPLUS
110
117
12 1
12 6
12 7
12 9
13 1
114
112
10 9
10 4
8 9
7 9
7 2
6 1
2 3 9
2 5 1
2 6 3
2 7 2
2 8 3
2 9 4
3 0 1
3 0 4
3 12
3 12
3 0 4
2 9 0
2 8 1
2 7 5
2 8 1
2 7 6
2 6 6
2 5 8
2 2 9
19 5
18 0
17 1
17 8
18 4
1 7 8
17 6
17 4
18 2
19 9
2 0 2
2 0 6
2 11
2 16
2 18
2 2 2
' E E K
M 0
CENTERVILLE
A V
P R E C I P
5 5
9 5
8 7
9 9
10 8
7 0
8 5
9 7
10 4
10 8
12 1
13 1
13 4
14 1
14 1
14 3
14 4
12 9
12 4
12 1
113
10 1
9 0
8 2
6 7
19 11
A V 0 A I L Y
S MOIST
2 4 3
2 7 6
3 0 2
3 0 8
3 10
3 13
3 15
3 16
3 0 7
2 9 3
2 9 1
2 8 5
2 8 3
2 7 0
2 5 5
2 3 4
2 13
19 5
16 7
14 7
1 4 7
1 5 1
15 4
16 1
16 2
18 7
2 0 4
2 0 9
2 10
2 2 0
2 3 0
2 2 9
2 2 8
A V
U E F
A V
SURPLUS
C 0 T T 0 N W 0 0 n
A V A V
P R E C I P RE
6 3
7 3
8 4
9 1
10 0
112
12 3
12 9
13 6
13 8
14 3
14 4
12 5
12 3
118
113
9 6
8 5
7 5
6 3
A V f:) A I L Y A V
S M 0 I S T [) E F
14 6
15 6
17 3
18 2
18 9
2 0 0
2 18
2 2 7
2 4 2
2 4 5
2 4 1
2 4 3
2 5 1
2 5 5
2 4 3
2 17
19 4
16 9
15 0
12 7
110
10 4
9 8
10 5
9 7
8 9
9 1
9 0
10 0
10 5
114
12 2
12 6
13 6
WEEK
N 0
D U P R E E
A V
P R E C I P
10 8
116
12 2
13 5
13 8
14 1
14 2
12 4
12 2
115
19 2 2
A V DAILY
S MOIST
15 6
17 0
19 0
2 11
2 3 1
2 4 2
2 4 5
2 4 2
2 4 8
2 4 4
2 4 1
2 2 9
2 2 0
2 3 1
2 4 6
2 5 3
2 4 1
2 2 3
18 7
16 3
13 9
12 3
113
114
110
9 8
9 1
8 7
9 2
1 0 5
10 7
12 2
12 9
13 2
13 9
19 5 6
A V
D E F
A V
SURPLUS
W E E K
N 0
EUREKA
A V
P R E C I P
7 1
111
7 3
6 6
5 1
10 5
112
118
12 5
12 6
12 9
12 9
114
113
10 8
10 2
8 6
7 5
6 7
5 5
1 9 0 Q
A V DAILY
S 0 I 5 T
19 5
20 2
212
22 3
2 3 5
2 4 4
2 4 8
2 5 4
26 5
26 5
2 5 9
24 6
24 8
26 6
27 7
2 6 7
2 5 8
2 4 6
2 3 1
2 0 2
17 9
16 0
14 5
14 8
15 1
14 5
15 4
16 2
16 2
16 2
16 5
16 9
17 3
17 6
18 5
19 5 6
A V
D E F
A V
SURPLUS
FAULKTON
A V
P R E C I P
6 0
6 2
7 7
10 7
8 0
10 8
116
12 0
12 6
12 9
13 3
13 2
117
115
110
10 2
8 9
7 7
7 0
6 0
19 0 1 19 4 9
AV DAILY AV
S fv! 0 1 S T D E F
2 10 2
2 2 1 3
2 3 7 4
2 5 2 5
2 6 5 5
2 8 2 7
2 9 4 8
3 0 3 9
3 13 10
3 10 12
2 9 8 1 4
2 8 6 1 9
2 8 2 2 1
2 8 7 1 9
2 8 0 2 3
2 7 3 2 8
2 5 1 3 5
2 3 7 4 2
2 16 5 0
1 8 5 6 1
1 6 3 6 7
1 4 4 7 3
1 3 6 6 7
1 4 0 6 3
1 4 0 6 0
1 4 0 5 7
1 4 3 5 2
15 1 4 2
1 5 5 3 9
1 5 7 3 2
1 6 2 2 5
1 7 6 2 2
18 0 19
18 5 14
19 1 11
V' E E K
N 0
GANN VALLEY
A V
P R E C I P
6 9
8 3
9 0
9 9
10 7
12 1
12 9
13 3
14 2
14 5
14 8
14 8
13 2
12 9
12 3
12 3
10 2
8 9
8 2
6 7
19 2 1
A V DAILY
S !vl GIST
18 7
19 8
2 10
2 2 3
2 3 7
2 5 1
2 5 3
2 5 4
2 6 4
2 6 6
2 6 0
2 3 8
2 3 1
2 4 8
2 4 8
2 4 7
2 3 1
2 0 7
19 4
16 8
14 6
12 4
119
12 1
12 8
12 2
116
12 9
13 8
14 7
14 7
15 9
16 1
16 2
17 3
19 5 6
A V
U E F
A V
SURPLUS
l/v L E K
M 0
A V
P R E C I P
111
119
12 4
13 1
13 2
13 7
13 8
12 1
119
116
110
9 3
8 3
7 6
6 3
A V DAILY
S MOIST
18 7
2 0 0
2 18
2 3 3
2 4 6
2 5 4
2 6 2
2 8 0
2 8 9
2 8 0
2 6 4
2 6 7
2 8 0
2 7 8
2 6 7
2 5 0
2 3 3
2 10
18 1
15 5
13 8
13 8
14 2
13 7
12 6
119
12 5
12 8
13 2
13 4
14 9
15 4
16 2
17 3
9 5 6
A V
D E F
A V
SURPLUS
A V
P R E C I P
6 4
7 8
8 4
9 5
10 1
113
12 1
12 5
13 2
13 3
13 6
13 7
12 0
116
113
10 8
A V [) A I L Y
S MOIST
2 0 0
2 15
2 3 3
2 4 6
2 5 6
2 6 5
2 7 2
2 7 9
2 8 8
2 8 9
2 8 1
2 6 9
2 6 3
2 6 0
2 5 5
2 4 9
2 3 6
2 1 (3
19 5
17 3
1 6 1
14 5
14 6
14 7
14 9
13 7
12 7
1 3 7
14 6
15 1
15 3
16 9
17 2
17 5
18 3
A V
(3 E F
\'i L E K
N 0
M 0 N
A V
P R E C I P
3 3
5 0
6 6
10 2
9 4
10 2
10 6
112
12 5
12 8
13 0
13 0
114
111
10 5
10 3
8 8
7 1
6 4
5 3
19 2 1
A V DAILY
S 1.1 0 I S T
17 3
18 8
2 0 2
2 2 7
2 3 8
2 4 5
2 5 0
2 4 8
2 5 4
2 5 2
2 5 1
2 4 5
2 4 5
2 6 6
2 7 9
2 7 6
2 6 7
2 5 3
2 2 7
19 1
16 2
14 5
12 9
12 2
119
115
12 5
12 5
13 3
14 0
15 1
15 7
15 7
16 2
19 5 6
A V
U E F
A V
SURPLUS
E E K
N 0
M A R I 0 IM
A V
P R E C I P
6 8
8 5
8 5
9 4
10 2
10 1
119
7 4
8 0
7 2
7 2
8 5
9 5
10 4
10 9
12 2
13 0
13 2
13 8
13 9
14 2
14 4
12 6
12 3
119
115
9 8
8 8
8 2
6 6
1 9 0 9
A V DAILY
S M 0 I S T
2 5 0
2 7 0
2 9 1
3 0 4
3 17
3 19
3 19
3 18
3 18
3 11
3 0 2
2 8 8
2 8 2
2 8 1
2 8 0
2 7 1
2 6 8
2 5 3
2 3 5
2 17
1 9 7
17 8
18 3
17 6
17 3
17 2
17 7
19 3
19 9
2 0 7
2 12
2 16
2 2 0
2 19
2 2 8
A V
D E F
A V
SURPLUS
WEEK
N 0
M I L B A N K
A V
P R E C I P
110
117
12 1
12 6
12 9
13 1
13 1
116
114
110
10 4
8 9
7 8
7 2
6 1
19 0 1
A V DAILY
S MOIST
2 6 0
2 7 5
2 9 1
3 0 5
3 2 1
3 3 0
3 3 0
3 2 8
3 3 5
3 13
2 9 8
2 8 5
2 8 6
2 8 7
2 8 3
2 7 0
2 5 9
2 4 2
2 15
19 4
17 4
17 5
17 5
18 3
18 2
17 7
18 8
2 0 2
2 0 1
2 0 7
2 16
2 4 2
9 5 6
A V
L) E F
A V
SURPLUS
MITCHELL
A V
P R E C I
10 0
9 2
8 4
7 1
6 5
7 0
8 5
9 1
10 1
10 6
12 0
12 6
13 0
13 7
13 9
14 1
14 3
12 4
12 1
118
19 0 1
A V DAILY
S M 0 I S T
22 9
2 4 5
2 6 3
2 7 5
2 8 9
2 9 7
2 9 9
3 0 2
3 13
3 10
3 0 4
2 8 3
2 7 9
2 7 5
2 7 1
2 6 4
2 5 5
2 4 3
2 2 3
19 9
17 4
15 9
16 5
16 5
16 5
16 2
15 5
16 5
18 0
19 3
19 7
2 0 4
2 0 7
2 0 8
2 13
19 5 6
A V
D E F
A V
SURPLUS
A V
P R E C I P
10 3
111
117
12 8
13 1
13 4
13 4
117
115
10 9
10 9
9 1
7 6
6 9
5 6
A V DAILY A V
S 0 I S T D E F
15 8
17 0
18 6
2 0 3
2 16
2 3 8
2 4 8
2 5 1
2 6 2
2 6 6
2 5 9
2 5 6
2 5 4
2 7 0
2 7 7
2 4 9
2 2 5
2 0 3
18 1
15 4
13 9
12 3
116
110
9 6
8 7
9 2
9 5
10 4
117
12 9
13 6
14 1
14 8
WEEK
N 0
0 E L R I C H S
A V
P R E C I P
10 6
117
12 4
13 2
13 4
14 0
13 9
12 3
118
115
112
9 3
8 2
7 3
6 2
A V DAILY
S U 0 \ S T
18 3
19 4
2 14
2 2 9
2 4 1
2 5 7
2 6 5
2 6 8
2 8 2
2 8 7
2 8 9
2 8 9
2 8 4
2 9 2
2 8 6
2 7 2
2 5 1
2 2 6
2 0 3
18 2
14 9
13 4
12 7
12 0
113
10 5
9 5
9 9
10 0
10 5
118
12 9
13 8
14 6
15 7
.953
A V
D E F
A V
SURPLUS
IV E E K
N 0
I E R R E
A V
P R E C I P
7 0
8 3
8 8
9 8
10 6
12 0
12 7
13 4
14 1
14 3
14 8
14 7
12 7
12 4
12 3
19 0 1
A V DAILY
S MOIST
16 1
17 2
19 0
2 0 4
2 19
2 2 7
2 3 5
2 3 7
2 4 9
2 5 2
2 4 8
2 3 6
2 4 2
2 5 5
2 4 9
2 3 8
2 15
1 9 5
18 1
15 7
12 8
113
119
12 9
12 4
12 1
112
10 9
114
116
118
12 8
13 2
14 2
15 0
19 5 6
A V
D E F
A V
SURPLUS
RAPID
A V
P R F C I P
6 6
8 4
8 6
10 4
8 9
I T Y
10 1
110
117
12 5
12 8
13 2
13 1
115
113
110
10 6
8 9
7 8
7 0
6 0
19 0 1
A V DAILY
S M 0 I o T
17 5
18 8
2 0 5
2 19
2 3 8
2 5 5
2 7 0
2 7 8
2 8 6
2 8 8
2 8 5
2 8 4
2 9 3
2 9 8
2 9 2
2 8 4
2 6 4
2 3 7
2 13
19 0
1 7 0
15 2
14 3
14 4
1 3 6
119
10 9
10 6
112
119
13 1
14 1
14 5
15 4
16 1
19 5 6
A V
D E F
If,' E E K
N 0
R E D F I E L D
A V
P R E C I P
9 6
10 2
114
12 1
12 5
13 2
13 3
13 7
13 8
12 0
118
115
10 9
9 2
8 2
7 3
6 3
19 0 1
A V !3 A I L Y
S iv'! 0 I S T
2 0 9
2 2 2
2 3 8
2 5 0
2 6 7
2 7 2
2 7 5
2 8 8
2 9 1
2 8 0
2 6 6
2 6 2
2 5 7
2 5 6
2 5 9
2 4 6
2 3 5
2 15
18 9
16 6
15 0
14 3
14 0
14 4
13 7
13 1
13 9
14 7
14 6
16 8
17 1
18 1
19 2
19 5 6
A V
SURPLUS
E E K
N 0
R E D I G
A V
P R E C I P
9 8
10 5
111
12 3
12 6
12 8
12 9
112
111
10 4
10 2
8 4
7 1
6 4
5 1
19 2 1
1 6 3
1 7 7
19 2
2 0 5
2 15
2 2 4
2 2 8
2 3 7
2 3 7
2 3 6
2 3 3
2 3 1
2 4 4
2 5 8
2 5 6
2 3 8
2 18
19 1
16 9
14 5
13 1
12 1
111
111
9 7
1 0 5
114
12 6
13 2
13 4
14 1
.956
A V
D E F
PEEK
N 0
0 U X
A V
P R E C I P
7 7
7 5
9 8
9 7
10 9
9 9
12 0
8 4
8 4
6 3
FALLS 19 0 1
AV AV DAILY
P E S MOIST
6 9
8 4
9 0
10 0
10 4
117
12 4
12 8
13 2
13 5
13 6
13 7
12 0
117
115
10 8
9 3
8 4
7 6
6 5
2 6 7
2 8 7
3 0 5
3 15
3 2 1
3 2 8
3 2 8
3 2 8
3 2 8
3 2 6
3 19
3 0 5
2 9 9
2 9 5
2 9 4
2 8 9
2 8 4
2 7 2
2 5 4
2 3 1
2 0 2
19 1
1 9 1
2 0 5
19 6
19 5
19 5
2 0 7
2 2 3
2 3 6
2 4 0
2 4 2
2 4 6
2 4 5
2 4 8
19 5 6
A V
U E F
A V
SURPLUS
V E R M I L L I 0 N
A V
P R E C I P
6 2
7 5
9 5
115
10 3
5 4
5 0
10 0
7 9
5 6
7 6
9 0
10 0
10 9
113
12 5
13 6
13 7
14 4
14 5
14 7
14 8
13 1
12 8
12 5
117
10 3
9 4
8 5
7 3
19 0 9
A V DAILY
S MOIST
2 3 8
2 5 3
2 6 4
2 7 2
2 7 9
2 9 0
2 9 2
2 9 9
2 9 7
2 9 7
2 9 7
2 8 5
2 8 4
2 8 5
2 7 9
2 7 0
2 5 0
2 2 8
2 0 6
18 4
16 6
15 1
16 0
16 3
16 9
16 1
15 8
17 9
2 0 2
2 0 4
2 0 7
2 13
2 2 0
2 19
2 19
19 5 1
A V
D E F
I/' L E K
N 0
WATERTOVVN
A V
P R E C I P
10 6
112
115
12 1
12 2
12 4
12 6
110
10 9
10 5
19 0 3
A V DAILY
S i '^l GIST
2 4 4
2 5 6
2 6 8
2 8 0
2 9 5
3 0 7
3 11
3 18
3 2 8
3 2 8
3 2 2
3 0 5
3 0 0
3 0 1
2 9 5
2 9 0
2 8 1
2 6 5
2 5 0
2 2 5
2 0
18 9
18 8
18 4
18 3
18 3
19 4
2 0 3
2 0 2
2 0 3
2 10
2 16
2 2 2
2 3 0
19 5 6
A V
D E F
A V
SURPLUS
WEEK
N 0
WOOD
A V
P R E C I P
4 4
7 2
6 5
10 6
8 7
6 9
8 3
9 0
9 6
10 3
118
12 6
13 2
14 3
14 6
15 0
14 9
13 3
13 0
12 5
12 4
10 4
9 1
8 4
7 1
19 2 1
A V DAILY
S MOIST
16 8
18 6
2 0 9
2 2 5
2 3 9
2 4 5
2 4 9
2 4 4
2 5 5
2 6 0
2 6 1
2 5 2
2 5 0
2 6 5
2 6 8
2 5 5
2 2 9
2 0 4
18 3
15 5
13 0
114
10 7
10 5
10 8
10 3
9 5
10 2
10 1
112
114
13 0
14 1
14 3
15 4
19 5 6
A V
D E F
A V
SURPLUS
